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REIV URKS/ARGIJMENTS 

Claims 1 , 4- 1 1 and 20 are pending in this application. Claims 2. 3 and 1 2 W. 
previouiilyheea canceled. Claims 13-19 have been withdrawn. 

Hie claims, and the invention defined by them, are directed to effectively «id 
efficiently nprrating fuel cells. As is weU krown, many fiicl cclK sunh as molten carbonate fiiel 
celb, foi- example, generate a relatively M onode exhaust gas that typically has a temperature in 
the rango between about I20(r.l300«F. Hie anode exhaust gas includes comha^tible materials. 
The heal of the anode exhaust gas, together with the energy available fitim the combustible 
material!! of the gas, are utilizod. rather than discharged, to enhance the efficiency of the fuel cell 
by directing the ga.^ through a catalytic oxidizer to heat it for auh-icquent rrcirculation to the 
cathode !!ide of the fuel cell in a closed loop from fhr. anode side to the cathode side of the fuel 
cell, although the cathode exhaust is then discharged. 

When operating fuel cells, particularly large, stationary fljel cells used in power 
plants, for example, the temperature oftte anode exhaust gas emitted by the fuel cell at ihncs has 
a high rnnr^fration of combustible components fiiat is above the aufn-ignition temperature (m 
the range between about 800O-1200°F). This can lead to a spontaneous ignition of the anode 
exhaust gas. partical?r1y when mixed with added air for oxidizing combustiWft n,i,tcrials in the 
,inodc cxliaust gas. This problem is explained in paiagniph [0005] of the present application as 
&I1owib: 

. . . pnrtions of the anode ffae fonn flammable and not flammable 
pockets of micro mixtures. The temperahire of such pockets of 
flammaWfi mixture can rise above the auto-ipiition temperature of 
the combustible components, which can lead to instantaneous 
micro explosions creating rapid pressure pulsations, and/or 
combustion instabilities, all of which are detrimental to the 
equipment, including the fiid cell. Controlling the flammabilit/ 
conditions during the mixing pnnccss is complicated by the fact 
that changes in the composition and flow of the anode gas can be 
abrupt, for example, when ftats are sudden chajiges in the power 
demand placed on the fuel cell 

Especially in large scalfs, industrial fhel cell plants, the combustion of the anode 
exhmiat gas is difificult to control during upset conditions when its compo-vt^on and temperature 
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vary widely. Thia can lead to substantial and destructive operating instabilities and. ultimately, 
explosion!?. 

The present invcndnn reducfi$ the temperature of th© anode exhaust gas exiting 
the fufil r.dl ^^5o that the peak temperature in the mixing cone is below the Jiuto-ignitibn 
tempera-ure of the foel components [in the ^nodc exhaust gas] while maintaaning the overall bulk 
mixed temperature aufScicnt to initiate the catalytic oxidation^* of the anode exhaust ga-s. 10009] 
In other words, the present invention as defined by the claims eliminates the conditions that can 
lead to ffsontaneous ignitions in the anode exhaust gas when mixed with air or, to put it 
differently, it clittiinatcs conditions tbax can lead to the rapid, non-catalyUc oxidation nf The 
anode exhaust gas and the fbimation of instabilities explosions, flames and ihe like. To attain 
thia, the mijcture of anode exhaust gas and air must not be flammable anywhere in local pockets 
under iht: coTditions (e.g. temperature, composition and pressure) encountered in the system, so 
that, instriad of forming e flame*, the comhustiWn materials in the anode exhaust gas oxidize 
gradually, for example, on the catalyzed surfeces of the oxidizer. 

It ifi central to the present invention that the air which is to be admixed with the 
hot anodcj gas be med to cool the anode exhaust gas, thereby eimultaneoualy heating the air. 
Thereafter the cooled anode exhaust gas and the heated air arc mixed bcfi^ra the resultinR 
mixture k oxidized and then flowed to the cpthode intake of the fUel cell 

Thus, by cooling the anode exhaust gas (with air) before mixing the two, the 
formation of local, auto-ignitabk pockets in the mixture and resulting instabihtieB, fuel ignitions 
and the like arc pnsvcnted. The anode exhaust gaa can therefore be directed tn the catalytic 
reactor or oxidizer 28, where the combustible components of the anode exhaust gas are 
catalytically oxidized. 

As a result, the approach of the present invration defined by the independent 
claims would not be suitable and nnuld not be employed in a system where auto-ignition is 
desired or poses no problenAS. 

The invention sununaiized above is defmed by the independent claims as follows. 
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Independent claim 1 recifes amongst othens "adding ambient eir to fhc anoHr. gas 
to &nn an oadiTOhle: anode gas mixture, transferring heat &om the anode gas to the air before 
the air is added to the anode gas to thereby lower temperature of the anode gaa, . . . catalytioally 
oxidi2inj? Iht mixture ... and flowmg the efauenl to Ae ftiel cell" 

Independent claim 9 requires in relevant parts "transferring heat from the anode 
gas to the air flow in the first and sec ond flow paths to thereby decrease a tempcmhirc of the 
anode giis and form a cooled anode gas, thereafter mixing the coolrd anode gas and the air flow 
downstriiam of the flow paths to fotm a mixture, directing the mixture through a catalytic 
oxidizer... [and] flowing an effluent from the catalytic oxidizer to the fiicl cell 

Likewise, independent claim 20 recites "adding air to the anode gaa in an amount 
at least Ba£5cient for widafion of the combustible components to form an ciridi^able anode gas 
mixture, . . . exchanging heat between the air and the anode gas snor to forming the mixture to 
thereby lower local peak temperatures developing during forming the mixture, catalytically 
oxidizing the nuxtwre to fcrtn an effluent, ... and flowing the effluent to the fuel ceU". 

In the claims, as well w throughout the entire application, "air" doea not mean 
and doea not include air mixed widi another gaa, but outside or ambient air. This is the 
unequivosal meaning ofthe word "air" a.-? used in the specification. See, for example, paragraph 
I.0023I, which refers to ambient air, and Fig. 1, which shows air source 1 6 on the exterior of and 
entirely .separate finm the remainder of the system except for the flow connection (such as a 
tube) ftoni ±9 air source to the air conduit I fi. as is described in paragraph [0018]). 

In Woods, the principal reference over which the claims were rejected, ambient 
inlet air U 2 flow? via passage 114 to rcfonncr 1 16 where it is mixed with inlet fuel 166 to 
generate e-refiwrncrprnduct gas which flows ae anode gas into passage 168 via channel 190 to 
the mode manifold ofthe fuel cell. I0023J, [0024]. [O02S) and 10026] 

Sonip. iidct air 112 is diverted via orifice 128 to the cathode manifold of flid ceU 

118. [0026) 

Anode exhaust gas exiting fuel cell i is flows via exit passage 134 into comhusior 
120 after undergoing some temperature quenching by virtue of contact with the flexible barrier 
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wall 12<), whioh is in thermal contarr with the relatively cooler inlet air 1 12. [0027] hkt air 1 12 
contmucs itx flow in a downward direction (as seen in Figs. 1 A and 1 B) into reformer 1 1 (5 as 
described above. The temperature of the mrodc exhaust gas is approximately 1500'=^F (which is 
above the aulo-ignition tcmprrature of 800--1200T of the gas). In the combiK<;<or, fliel in the 
anode atoist gas received from the anode side of the jSicl is ignited to liberate heat which i$ 
used by a heat transfer cofl 142. The gases in the combustor are then dieoharged as exhaust ga.s 
144 thjou^Cxhau^it duct 141, [0027], [0042] 

In an alternative embarfinient which seeks to generate additional heat in the 
combustor. Wends feeds additional fuel via conduit 136 and mixes it with fhe. anode exhaust ga? 
flowing iliraugh exit passage 134, The additional airnceded to oxidi2» the additional fuel is fed 
via conduit 138 directly into combustcr 120. [0044] 

There is no attempt by Woods tf> prevent auto-ignition and the fomation of 
flames dowustream of the fuel cell and/or in the combustor 120 of Woods. To the contrary. 
Woods r..^t.alyzes surface element 14 through which the anode cxhpuist gas enters the combustor 
([0O42]) "'to gihance snontansftus \^k\r^n or the combustion chamber 120 can be equipped with 
a spark iisihion source (not shown)", [0032] (emphaslB added) In Woods, the exhaiTst from the 
combustor is discharged to the outside and there is no conduit through which the exhaust from 
the combustor could flow back to the fiiel ceU. Pressure pulsations, ignitions, flames and the like 
caused by Wonrfs* spontaneous ignition of the anode exhaust gas in the combustor therfifore do 
not aflfcct the operation of the fuel cell. 

Woods makes no attempt to transfer heat from the anode exhaust gas to the air 
hef^ the two are mixed and prior to 0)cidiring the fuel remaining in the anode exhaust gas in 
combustor 120. There is some cooling of Che anode gafi by air 1 12 flowing downwardly Along 
conduit 1 14 to reformer 1 16 and some corresponding heating of that air. However, the so-cooled 
anode exhaust gas and so-heated air are not mixed thereafter, 

Aportion of the heated air in conduit 114 flows first to the fiiel cell cathodes 
where oth^sr reactions take place so that the air becomes cathode gas (called by Wooda "depleted 
air") that may exit the %ystcm ahog«her, when conduit 129 connected to the oufsidc of the 
housing 1 1.0 (Woods [0070J), oris added to air 13ft prior fn entering the combustor 120. [0044] 
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The remaining portion of flic heated air flows to the refoimer 1 16 to generate the fresh, jaicl-n ^h 
anode g^ts thM is fed to the anode side of th« fuel ceU. Anode exhaust gas th? t was subjected to 
some cooling by air 1 12 flowing in conduit 1 1 4 is fed to combustor 120 and then discharged to 
the outside. 

There is also no attempt hy Woods to prevent auto-ignition by transferring heat 
from the anode exhaust gas to the air ivith which the anode gas i$ subsequently mixed to lower 
the temperature of the mixture to below the auto-ignition temperature. To the contrary, as was 
discussed above. Woods involves a conventional combustion process in which the anode exhaust 
eae/air nrixtiire is ignited as soon as ihe mixture is foirned in combustor 1 20. 

As a result, Woods' system is incapable of preventing auto-ignition of the anode 
exhaust i;as when mixed with air, as is required by the present invention, while the system of the 
present invention prevents the auto-igniting of the ^^nodc exhaust gas/air mixture because the 
temperature of the mixtute is tno low for ibat. The present invention catajyticaily omdWts the 
fuel in the anode exhaust ga» to aflflure a j?iadual. stable, non-cxpIosive catalytic oxidation of the 
anode gas: in catalytic oxidi2er 28. 

Thus, Woods does not disclose or in any form suggest: 

• adding OTbif^t air to the anode exhaust gas to form an oxidizable anode 
gas mixning, transfening heat from the? anode ftvhaust gas to the air before 
the air is added to the anr>fir exhaust gas to thereby lower a temperature of 
the annrtc exhaust gas, and catalytically oxidizing the mixture tn ferra an 
efflu^t that is flowed back to the fuel cell as required by claim 1 

• b a heat cxrhanger having first and second flow paths separated by a heat 
exchange member, directing an ambient ah- flnw through the second flow 
path, tranafcrring heat from the anode exhaust gas to the air flow in the 
respective flow paths to foim a cooled anode exhaust gas. therRaf^er 
mixing the cooled anode exhaust gas and the air flow downstream of the 
flow paths to form n mixture, directing the mfacture through a catalytic 
oxidizer, and then flowing it to the fuel cell as required, hy independent 
claim 9 
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• addmg air to the anodo exhauat gas, exchanging heat hriwccn the air and 
the anode exhauat gas prior to forming the mixture to thereby lower local 
pcaV tfrapcxatures, catalytically oxidizing the mixture to form an effluent, 
and directing the effluent back to the fiiel edl as is required by 
independent claim 20. 

Indeed, Woods never cools any anode exhaust gj^s ^vith air with which the anode 
exhaust gafi is subsequently itjixed. The air ihM cools the anods exhaust gas of Woods is not 
combined with the anode exhaust gas, but flows to the refcnner, or to the cathode manifrlrf of 
the fuel 174=11, as is described, for example, in Woods [0026] and fiijthar discussed below. The 
supplemental air fed to combnstor 120 via air inlet 138 neither cools the anode exhaust gas. nor 
is the anode exhaust gas and the air 138 mixed to reault in a mixhirc that is flowed to the 
catalytic oxidizer or combustor 120. Whatever bent might be iransferred from the anode exhauat 
gas to ail- 138 in combustor 120 is generated by mixing the two directly^ and not via heat transfer 
prior to fluch mixing. Moreover, after ignition the effluent fiom the cr»Tnkistar is not returned to 
The fiiel cellj but discharged to (he outaidc. 

Haltiner, the Secondary reference which was combined with Woods to render the 
claims obvious, was reHed upon only as disclosing the step of flowinR die effluent fix)ra a 
catalytic gxidizer to the fiiel cell. Haltiner contains no other disclosure that was rejiejl tiponm 
the rejection of the claims and does not disclose or in any fejtn suggest what is missing from 
Woods relative to the independent claims as was discussed above. 

Further, there is nothing in the experience and bar.kground of a person of ordinary 
skill in the art, or in the applied referaiccs, (hat would suggest to suoh person the above- 
discussed hmitations of the independent claima or, conversely, who conJH come up with the 
above^scussed claim h'mitations based upon n perusal of Woods and Haltmer m Ujght of the 
person's background and cocpeneQce. 

In this context, applicant notes that the obviousness rejection of the claims 
interpreU Woods as di-selaring that transfferring heat "oompriflea forming fir^t and second finw 
path/5 A * U4' for the anode exhaust gae and the air flow and separating the flow paths by a 
• flexible fejat transfer barrier wall to tran,TifbrhEat between die anode exhaust gas and the air 
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flow frcm the cooled annrte exhaust gas", apparently referring to independent claim 9 which uses 
MTnilar Language. Claim 9 additionaUy requires thereafter (i.^. after heat has been transferred 
from th<j anode gas to the dr flow) Wing the cooled anode gaa and tho air.flow downstream nf 
the flow paths to favm a mixture . . 

The other part of iht. ^iI now \ \ 2 through conduit 1 14 flows downwardly (as seen 
in Figs. lA and IB) to icfonner 116 where it is used to generate the fuel-rich anode, gas that is 
suppUed to the anode side of the fiiel cell. Air flowing through conduit 1 14 to refomer U 6 13 
not mix€Ki with anode exhaust gas. Passage 134 through which the anode exhaust gas flrtws ta 
comhi/stDr 120 is separated by a large seetion of oompressicm plate 1 30 as is shown in Fig, IB so 
that that passage and flie flow of air U 4 ars not in a heat exchange wlationship. 

Part of inlet air 112 flowing through conduit 1 14 is "diverted at orifice 12S to the 
fuel cell 118, [and] entera the cathode rnanifbld of the fuel cell " (Woods f0036j). Thia air 
becomea part of the cathode gas and is not mixed with the anode gaa or suhscqn^nHy 
catalyticsdiy oxidized ae required by the independent chiniR of the present application. 

Thus, as demonstrated in the preceding paragraphs, air 1 38 ihAf raters combustor 
120 is not cooled in Woods by anode exhaust gas and, conversely, anode exhaust gas does not 
heat air 138, The two are mi^cd in combustor 120 and immediately ignited without any previnii?; 
heat transfer betwftKn them to lower the temperature of the anode gas to hcW its auto^gnition 
temperature. 

FinaUy, air 1 14 which flows to reformer 1 16 may transfer some heat via barrier 
wall 126 1» anode exhaust ga^ from the fiiel c^M This air is ffed to refomier 116 where it is 
combined with fuel to provide the fuel^rich anode i?afi for the fuel cell Air fed to the reformer 
bccomfts part of the fuel-air mixture that ig reacted in the fuel cell, anri is not mixed with the 
anode exhaust ^as, as is required by the intfepcndent claims. 

Accordingly, under no conceivable rcading/intcipretfif ion of Woods, does Woods 
ever mix Jimbient air with anode exhaust gas after a heat transfer from the hot anode exhaust gas 
to the air 2is required by the independent claims. 
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In Woods, there is no heat transfer from hot anode exhaust sua to the ajr with 
which cc.mh..5tible materials hi the anode achoust gas are oxidized. In Woods, the hot anode 
exhaust gas is mixed with air, without any pirocding he«t transfer between the two, and 
immediately ignited. In contrast diereto, all independent eloims require oxidirJilinn of the 
mixture aftsE the heat transfer between the constituents of the mixture. 

The fact that there is some heat transfer between air flow U 4 of Woods and the 
fiid cell in no way affects the allowability of the independent cAnims because thai heat transfer is 
between gases in the fuel cell and air that is not mixed with the anode exhaust gas after such heat 
transfer. 

Applicant also disagrees wifh the comment under "ResponBe to Argumen(3" that 
paragraph [0027] of Woods discloses quenching the exhaust gas from the ftel ceU by 
iransferong heat from the anode gas to flic inlet aiV 112. Paragraph [0027] does comment that 
the anodo exhaust gas temperature might be lowered due to such quenching, but the annrlc 
exhaust gas is not then mixed with the tal«t air 112 thatwasuiod to cool the gas. As mentioned 
above, that air either flows toiefotmcr U.6 ibr generating fiesh. fuel-iich anode gas or through 
aperture 128 to the cathodte manifbld of the fuel cell 

Applicant fiirther disagre,«s with Jhe additional argument on page 5 of the Office 
Action that since this heat fnmsfer ftom the anode gas to the inlet air 11 2 is pcffr,rmal before the 
air ftnm the cathode wchaust gas is mixed with the anode «>,«nst gas in the combustor, "the 
cathode exhaust gas that is added to the anode exhaust gas in the combustor is constmed as the 
air that is added t*> the anode gas to fonn an oxidizable anode gas mixturt". The cathode gas 
plays no role in the present invention other than thR observation that the effluent from the 
oxidizer 28 of theprcsent invention is ihd to the cathode side of the fuel ceU. More impc.rtnntly, 
ihis argument is incoireci. The "air" recited in the independent clairtis is outside or ambient air,' 
as was discussed above. R is not air that is mixed with oth«r gases and becomes the cathode gas. 

There is also no justification in either Woods. Haltiner nr the present application 
to equate smy air that may be contained in the cathode exhaust gas to the outside or ambient air 
with which the anode erhmist gas is mixed downstream of the heat exchanger of the present 
invcnrifln. There is no basis anywhere in the rccoid of lh« i^plicatioa that air contained in the 
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cathode exhau&t gas of Woods is the same as or can be treated as an equivalent to the. air that is 
mixed v'ith tjift cooled anode exhaust gas in the context of the prcsejit mvention. In addition, 
construing the cathode gas a? constituting ^hc ''air" of the independent claims would render the 
system inoperative because the cathode exhaust gas is hot and has a temperature wmparable to 
that of tlic anode exhaust gas because both are effluema fym\ the same fuel cell so that little 
no heat transfer between the two could occur Thus, equating air to the cathode exhauat gas 
amounts to speculation, that is not supported by Woods. 

Moreover, the independent claims of the present inv^fntion affirmatively reqiif 
heat transfer from the anode exhaust gas to the air and subsequent mixing of the cooled anode 
exhaust «as and the coirespondingly heated air bftfoie they are intioduced mto the catalytic 
oxidizer for the purpose of lowering the temperanire of the mixture to below its auto-ignition 
temperatirc. This is what the pendmg independent claims require. It is inappropriate to 
disregard the claimed requirement that heat is transferred from the anode exhaust gas to ambient 
air and in effect reword thft cJahns as if they required that heat ftom the anode gas is transferred 
to the cathode exhaust ga$. 



ITT 



Indq^endisnt clanns 1 , 9 and 20 are therefore not obvious over Woods, taken alone 
or in combination with Haltiner. 

In view of the foregoing, applicant eubmita that independent cUuus 1, 9 and 20, 
and claims 4-1 1 which depend from them, are aUowahle, a formal notification to that effect 
at an early date i6 requcrtcd. 
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